Abstract. In 2010, J. Berstel, D. Perrin and C. Felice first proposed the definition of a code with empty kernel and obtained the nature theorem of associated with group codes in the paper "On the groups of codes with empty kernel". In this paper, we present sufficient and necessary conditions to depict codes with empty kernel. We also give some methods to construct codes with empty kernel and maximal codes with empty kernel.
Introduction
A code is a kind of a language with special combination and algebraic properties. According to the structure characteristics of languages, mathematicians defined multiple types of codes (see [2] [3] [4] [5] [6] [7] ). There are many different codes, such as prefix codes, comma-free codes, infix codes, codes with finite deciphering delay etc. They all have important application in information theory and coding theory (see [2, 4] ). In 2010, J. Berstel, D. Perrin and C. Felice proposed the definition of a code with empty kernel (see [1] ), and we found that the family of codes with empty kernel is bigger than the family of infix codes on the same alphabets. We know that they have lots of typical algebraic properties and infix codes are widely used in computer science. So we are interested in investigating codes with empty kernel. The authors gave the relationship between group codes and codes with an empty kernel in reference [1] .
In this paper, we mainly study the basic algebraic properties of codes with empty kernel and the construction method of the maximal codes with empty kernel. The nature of the research will help us to better grasp such codes. At first, we discuss the relationship among prefix codes, suffix codes, bifix codes and codes with empty kernel. Then, we consider that whether codes with empty kernel are closed under some operations or not. What's more, we give some examples of codes with empty kernel. At last, we want to construct a maximal code with empty kernel which contains the given code with empty kernel.
Preliminaries and Definitions
Let A be a non-empty finite set of letters, which is called an alphabet. Any 
Lemma 2.4. 
Properties of Codes with Empty Kernel
At first, we consider the relationship between codes with empty kernel and prefix codes, suffix codes and bifix code. Y is an infinite maximal prefix code, and XY is a code with empty kernel, then X may not be a code with empty kernel. For example [4] , . From this example, we know that the composition of two codes with empty kernel may not be a code with empty kernel, but it is a code by Lemma 2.2. However, the decomposition has the following property.
Proposition 3.7. Let
X Y Z 
be codes, and
is a code with an empty kernel, then Y is a code with an empty kernel.
X is a code with empty kernel, then Given a code with empty kernel, we will study how to construct a new code with empty kernel from the existing one. Given a code X , how to extent it into a maximal code Y is an important problem in the theory of codes, which is known as the maximization problem. For a code with empty kernel, we consider the maximization problem as following.
Proposition 3.14. Every code with empty kernel is contained in a maximal code with an empty kernel. Since this theorem is non-constructive, and don't give a structure that contains the construction of the maximal empty kernel code. Therefore, in the following, we give a concrete construction method.
Let X is a language with empty kernel over A . 
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